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(57) ABSTRACT

A belt tensioner for a seat belt system comprises a pinion
(10) pivoted about an axis of rotation A which 1s adapted to
be coupled to a best reel of a belt retractor, a drive unit, a
force transmission element (12) and a guide means. By
activating the drive unit the force transmission element (12)
1s moved along the guide means so that it engages 1n the
pinion (10). The guide means 1includes a portion (16) which
1s deformable 1n a direction x perpendicular to the axis of
rotation A of the pinion (10) and to the direction of move-

ment v of the force transmission element (12).

12 Claims, 1 Drawing Sheet
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BELT TENSIONER FOR A SAFETY BELIT
SYSTEM

This application corresponds to PCI/EP2014/002956,
filed Nov. 5, 2014, which claims the benefit of German

Application No. 10 2013 018 722.2, filed Nov. 8, 2013, the

subject matter, of which 1s incorporated herein by reference
in their entirety.

BACKGROUND OF THE INVENTION

The mvention relates to a belt tensioner for a seat belt
system.

In general, for checking the functional safety of belt
tensioners both the Intended use, i1.e. the use of the belt
tensioner 1n the mounted state 1n the vehicle 1n the case of
crash, and the not intended use, e.g. undesired triggering
during production, during transport etc., have to be taken
into account. These diflerent load cases are based on difler-
ent loading states.

Virtually all known construction modes of pyrotechnic
belt tensioners show undesired vanation in the webbing
retraction performance i different loading states, for the
components of a belt tensioner sometimes present a strongly
different behavior 1n dependence on the external circum-
stances, especially In respect of temperature and component
tolerances.

SUMMARY OF THE INVENTION

It 1s the object of the ivention to make available a
constant tensioning performance that 1s preferably indepen-
dent of the outer circumstances.

The invention 1s especially Intended to be suited for a type
of belt tensioner that has become known from DE 10 2006
031 359 Al. In this type of tensioner, mnstead of a tooth rack
being linearly moved through a drive unit, a force transmis-
sion element which, although being fixed, 1s substantially
deformable engages 1n a pinion coupled to a belt reel so as
to rotate the same 1n a tensioning direction. The elongate and
deformable force transmission element can be accommo-
dated 1n a curved tensioner tube In a space-saving manner
and provides for smooth introduction of the force transmis-
s10n element to the pinion so that the tooth-on-tooth problem
occurring 1n a toothed rack can be avoided. Further belt

tensioners of this type are shown, inter alia, in DE 10 2010
051 418 A1, DE 10 2010 031 419 A1, DE 10 2010 051 420

Al, DE 10 2010 051 422 A1, DE 10 2010 051 463 Al and
DE 10 2011 016 153 Al.

This object 1s achieved by a belt tensioner comprising the
teatures of claim 1. Advantageous and usetul configurations
of the device according to the invention are described 1n the
subclaims.

The belt tensioner according to the invention for a seat
belt system comprises a pinion pivoted about an axis of
rotation which 1s adapted to be coupled to a belt reel of a belt
retractor, a drive unit, a force transmission element and a
guide means. By activating the drive unit the force trans-
mission element 1s moved along the guide means so that it
engages 1n the pinion. In accordance with the invention, the
guide means 1cludes a portion which 1s deformable in a
direction perpendicular to the axis of rotation of the pinion
and to the direction of movement of the force transmission
clement (direction of deformation).

The mvention 1s based on the finding that especially the
engagement factor between the force transmission element
and the pinion providing for the conversion of the kinematic
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energy of the force transmission element into energy of
rotation of the pinion 1s responsible for the variation of the
performance of the belt tensioner. According to the present
invention, the dependence of the transverse forces acting on
the force transmission element on the manufacturing and
mounting tolerances and the temperature 1s encountered by
the tact that the guide means for the force transmission
clement carries out an automatic adjustment of the engage-
ment factor where required. In the case of high transverse
forces the force transmission element can deflect the guide
portion so that the engagement factor and thus the transverse
forces are reduced. In this way an optimum engagement
factor for the force transmission to the pinion 1s constantly
ensured. As a result, the tensioning performance is largely
constant under various preconditions (tolerances, tempera-
ture) and, resp., 1n the case of equal power distribution larger
tolerances as regards the manufacture and mounting of the
components and of the temperature may be admatted.

For a most eflicient automatic adjustment of the engage-
ment factor the detlectable guide portion should be arranged
in the area of the guide means in which the force transmis-
sion element engages 1n the pinion. The transverse forces
then can be immediately exploited, without any further
diversion, for the deformation of the guide portion which
enables the desired deviation of the force transmission
clement.

The guide portion may be part of a pressure cylinder 1n
which the force transmission element 1s accommodated.
Especially the guide portion may be designed as a one-sided
extension of the pressure cylinder output (mouth) ahead of
the pinion. In such structure no additional component 1s
required and possible mounting tolerances are dropped.

According to a preferred embodiment of the belt tensioner
according to the invention, the guide portion rests on a
housing wall, wherein the guide portion 1s spaced from an
indentation of the housing wall by a gap. The housing wall
determines a defined deformation area for the guide portion
by the indentation. While the stable housing wall on the one
hand prevents deformation, the indentation, on the other
hand, permits (limited) deflection of the guide portion so that
the force transmission element may deviate 1n the direction
ol the indentation.

In order to ensure in the case of deformation of the guide
portion that the movement of the deflected force transmis-
sion element 1s not obstructed, the width of the gap 1n the
direction of deformation should not be larger than the
thickness of the guide portion 1n this direction. In this way
it can be excluded that apart from the guide portion also the
force transmission element 1itself 1s pressed info the inden-
tation. This would mean that further deflection of the force
transmission element against the direction of deformation
would be necessary to remove the same from the indentation
again.

For defined deformation of the guide portion the inden-
tation may include a front edge relative to the direction of
movement of the force transmission element about which
the guide portion 1s bent while being deformed.

An alternative structure of the belt tensioner according to
the 1nvention provides that the guide portion rests on a
housing wall, wherein a central part of the guide portion
faces a recess of the housing wall. In this structure the recess
enables the force transmission element to press the guide
portion through the recess (to a limited extent) so that the
guide portion 1s “indented”. The fact that in this case a
central part and not a ifree end of the guide portion has to be
concerned 1s important 1n so far as suilicient overlap of the
guide portion ahead of and behind the recess (viewed in the




US 10,011,246 B2

3

direction of movement of the force transmission element)
has to be ensured so that the guide portion cannot slip
through the recess.

For a well-targeted intluence of the deformation of the
guide portion an elastic support may be provided for the
guide portion 1n the area of the recess. In this way a defined
resistance may be set to counteract the deformation.

The conception of the present invention 1s especially
suited for a belt tensioner 1n which the force transmission
clement 1s formed of a substantially deformable preferably
clastomeric material.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the invention will
result from the following description and from the enclosed
drawings which are referred to and 1n which:

FIG. 1 shows a sectional view of a cutout of a belt
tensioner according to the invention before a tensioming
operation;

FIG. 2 shows the belt tensioner from FIG. 1 during a
tensioning operation without adaptation of the guide means;
and

FIG. 3 shows the belt tensioner from FIG. 1 during a
tensioning operation with adaptation of the guide means.

DESCRIPTION

In FIG. 1 a pinion 10, a force transmission element 12 and
a guide means of a belt tensioner are schematically 1llus-
trated.

The pinion 10 1s rotatably supported shout an axis A and
1s coupled either permanently or only as required to a belt
reel of a belt retractor 1n a rotationally fixed manner.

The force transmission element 12 which is preferably
made of a substantially deformable elastomeric matenal 1s
accommodated 1n a tubular pressure cylinder 14 so that 1n
the mounted state it 1s not engaged 1n the pimion 10. In this
way, 1n the normal operation of the belt retractor 10, 1.c.
before possible activation of the belt tensioner, unhindered
rotation of the belt reel 1s possible. Preferably the force
transmission element 1s elongate, wherein its length 1s a
multiple of 1ts diameter and 1s formed substantially in one
piece, 1.e. one single force transmission element interacts
with the pinion 10.

The pressure cylinder 14 includes at 1ts outlet an extended
guide portion 16 which 1s opposed to the teeth of the pinion
10 at a certain distance 1n a direction x. Said guide portion
16 rests on a housing wall 18.

The free end of the guide portion 18 is spaced fern an
indentation 22 of the housing wall 18 by a gap 20, however.
The width of the gap 20 1n the direction x approximately
corresponds to the thickness of the guide portion 16 1n this
direction. The indentation 22 may also be formed by an
appropriate material thinning 1n the housing wall 18.

The indentation 22 extends over a length corresponding
approximately to the area 1n which the force transmission
clement 12 engages 1n the pinion 10 when 1t 1s moved along
the guide portion 16, as will be described later.

In the shown embodiment, the guide portion 18 of the
pressure cylinder 14 and the housing wall 18 including the
indentation 22 thus form the afore-mentioned guide means
for the force transmission element 12.

A drive unit preferably comprising a pyrotechnic drive 1s
connected to the input (not visible) of the pressure cylinder

14.
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When the drive unit 1s activated 1n a case of restraint a
pressure gas 1s generated for filling the portion of the
pressure cylinder 14 positioned between the drive unit and
the force transmission element 12. By pressurization the
force transmission element 12 1s moved along the guide
portion 16 1n the direction y toward the pinion 10 and past
the same, wherein the teeth of the pinion 10 penetrate the
material of the force transmission element 12. By the
engagement factor—in FIG. 1 indicated by the double arrow
B—of the pinion 10 and the force transmission element 12
the pinion 10 and the belt reel of the belt retractor coupled
thereto are rotated so that webbing 1s retracted.

FIG. 2 illustrates a tensioning operation in which no
adaptation of the guide means 1s carried out. In this case the
engagement factor allowing the conversion of the kinematic
energy of the force transmission element 12 into rotational
energy of the pinion 10 1s smaller than in the case shown 1n
FIG. 3. The belt tensioner 1s designed—especially the stifl-
ness of the force transmission element 12—so that said
engagement ensures optimum force transmission.

In the tensioning operation shown in FIG. 3 the engage-
ment factor and the related forces acting 1n the direction x
between the force transmission element 12 and the pinion 10
are definitely larger. This may be especially due to tolerances
during manufacture and the assembly of the components.
Temperature intluences, too, may be responsible for difler-
ent force ratios. For example, the force transmission element
12 1s harder at lower temperatures than at higher tempera-
tures.

As 1s evident 1n FIG. 3, the force transmission element 12
may deviate transversely to its direction ol movement—
more exactly 1n the direction x perpendicular to the direction
of movement y of the force transmission element 12 and to
the axis of rotation A of the pimon 10—, when high
transverse forces are acting. This 1s possible because the
force transmission element 12 presses onto the guide portion
16 so that the latter 1s bent about a front edge 24 and 1s urged
into the indentation 22 of the stable housing wall 18. The
deformation of the guide portion 16 may be elastic or
plastic—depending on the material of the pressure cylinder.
Since the gap 20 1s not wider than the thickness of the guide
portion 16, the rear edge 26 of the indentation i1s no
substantial obstacle to the further movement of the force
transmission element 12.

Thanks to the automatic adaptation of the guide means
achieved 1n this way which enables the force transmission
clement 12 to deviate, the engagement factor and the related
transverse forces may be reduced. In this way, any 1mpair-
ment of the force transmission to the pinion 10 or even
seizing of the force transmission element 12 1s efliciently
counteracted.

According to an alternative design concept (not shown),
instead of the indentation 22 also a recess (gap) may be
provided 1n the housing wall 18, wherein the guide portion
16—viewed 1n the direction of movement v of the force
transmission element 12—extends beyond the recess. In this
case, with appropriately high transverse forces—depending
on the material of the pressure cylinder—the guide portion
16 1s elastically or plastically indented in the transverse
direction x. The gwmde portion 16 should protrude suil-
ciently from the rear edge 26 of the recess so that the rear
edge 26 (Just as the front edge 24) may serve as support and
so that the free end of the guide portion 16 cannot slip 1nto
the recess during deformation. The deformation of the guide
portion 16 may be selectively influenced by providing an
clastic support for the guide portion 16 in the area of the
recess.
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LIST OF REFERENCE NUMERALS

10 pinion

12 force transmission element
14 pressure cylinder

16 guide portion

18 housing wall

20 gap

22 indentation

24 front edge

26 rear edge

The 1nvention claimed 1s:

1. A belt tensioner for a seat belt system, comprising:

a pmion (10) pivoted about an axis of rotation A which 1s

adapted to be coupled to a belt reel of a belt retractor,
a drive unit,
a force transmission element (12) and
a guide means,
wherein the force transmission element (12) 1s moved
along the guide means by activation of the drive unit so
that the force transmission element (12) engages 1n the
pinion (10),

and wherein the guide means includes a guide portion
(16) which 1s adapted to be deformed in a direction x
perpendicular to the axis of rotation A of the pinion (10)
and to a direction of movement y of the force trans-
mission element (12).

2. The belt tensioner according to claim 1, wherein the
guide portion (16) 1s arranged 1n an area of the gmide means
in which the force transmission element (12) engages in the
pinion (10).

3. The belt tensioner according to claim 1, wherein the
guide portion (16) 1s part of a pressure cylinder (14) 1n which
the force transmission element (12) 1s accommodated.
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4. The belt tensioner according to claim 3, wherein the
guide portion (16) rests on a housing wall (18), wherein the
guide portion (16) 1s spaced from an indentation (22) of the
housing wall (18) by a gap (20).

5. The belt tensioner according to claim 4, wherein a
width of the gap (20) 1n the direction x 1s not larger than a
thickness of the guide portion (16) 1n the direction x.

6. The belt tensioner according to claim 4, wherein the
indentation (22) has a front edge (24) related to the direction
of movement y of the force transmission element (12) about
which edge the guide portion (16) 1s bent during deforma-
tion thereof.

7. The belt tensioner according to claim 1, wherein the
guide portion (16) rests on a housing wall (18), wherein a
central part of the guide portion (16) faces a recess of the
housing wall (18).

8. The belt tensioner according to claim 7, wherein 1n an
area ol the recess an elastic support for the guide portion
(16) 1s provided.

9. The belt tensioner according to claim 1, wherein the

force transmission element (12) 1s made of a substantially
deformable materal.

10. The belt tensioner according to claim 1, wherein teeth
of the pinion (10) dig into material of the force transmission
clement (12) during force transmission.

11. The belt tensioner according to claim 1, wherein the
force transmission element includes at least one integral
portion a length of which 1s a multiple of a diameter of the
at least one integral portion.

12. The belt tensioner according to claim 9, wherein the
substantially deformable material 1s an elastomeric material.

% o *H % x
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